(10 mg/ml, pH 7.2) was emulsified with an equal volume of Freund's complete adjuvant (Dffco Laboratories, Inc., Detroit). Animals were injected with 0.2 ml of the antigen-adjuvant emulsion (1 mg polymer) with a 25 gauge needle. Injections were on the belly or sides, and were given either intradermally or subcutaneously (course I). Two weeks later, the animals were boosted with the same amount of adjuvant (course II). Nine or 10 days later, they were bled 0.25 to 0.5 ml from the retroorbital plexus (11-9 or II-10 bleeding) under light ether anesthesia. The mice were then allowed to recover for 2 to 5 weeks, and boosted (course III) and bled (III-9 or III-10) as for course II.
In a number of cases, as indicated in Results, where there had been no immune response, the animals were reimmunized with another polymer (generally GLA40). 1 Only two courses of immunization were performed as the II-9 bleeding was invariably positive. Ge0L4o  C-32   65,000  35,000  25,000  50,000  70,000  27,000  115,000  Glusslys38tyr4  Glusslysssphe4  GIn571ysasala5  Glu541ys~alalo  Glu481ys~ala20  Glu421ys28alaso  Glu~lys24ala4o  Glu241ysj6ala~o  Glus61ys24ala~tyr5   G58L3sT4  G58L3sPhe4  GLAs  GLAd0  GLA2o  GLAd0  GLA4o  GLA6o  [  GLAT   M-12  M-16  M-22  M-46  M-45  M-21  M-11  M-49  M-17E   94,000  48,000  50,000  70,000  55,000  57,000  45,000 28,000 30,000
The blood was allowed to clot overnight in the cold, spun down at 2000 ~eM and the serum collected. All sera were absorbed with an equal volume of packed tanned sheep RBC, for 30 minutes at 37°C, then 2 to 18 hours in the cold. They were then centrifuged and the absorbed sera tested individually, initially bythe standard method (7) , and later by the Takatsy Micro procedure, employing taxmed sheep red blood cells which allowed repeated titration (8) . Sera were generally refrigerated, not frozen and were tested within 1 to 2 days following the bleeding. No loss of titer was observed in sera kept refrigerated for up to 1 week, or frozen and thawed.
Testing of Sera.--The method for testing sera, which was found to be the most sensitive and utilized the least amount of serum obtained was the passive hemagglutination of antigencoated tanned red blood cells (7) . Sheep cells in alsevers solution were obtained commercially 1 In this article, G, L, A, T, and Phe stand, respectively, for the amino acids glutamie acid, lysine, alanine, tyrosine, and phenylalanine. Subscripts refer to mole per cent amino acid in the polymer.
(Probio) and were used within a month. They were washed 3 times with saline-PO42 at 1200 m,~, 0-4°C, and adjusted to 2.5 per cent concentration in PO4-saline buffer. An equal volume of freshly prepared 1:20,000 tannic acid was added, and the cells were incubated at 37°C for 15 minutes, with occasional resuspension. The cells were spun down in the cold, washed twice with PO4-saline, and appropriate amounts of a 2.5 per cent suspension were spun down in individual tubes and resuspended in 1.0 ml of adjusted saline. One ml of antigen solution contalning 1 to 10 mg of polymer was added, and then 4.0 ml of the pH 6.4 PO4-saline. The cells were coated at room temperature for 30 minutes, spun down, and washed 3 times with 3.0 mt of 1 to 100 normal rabbit serum (NRS) (previously absorbed with sheep cells and diluted in pH 7.2 PO~-saline). They were then resnspended to a concentration of 2.5 per cent.
Parallel titrations with both rabbit and mouse sera indicated that the 2 hemagglutination methods were directly comparable. Appropriate volumes of the sensitized cells were added to serial, two-fold dilutions of the sera to be tested; all dilutions were made in NRS. The lowest dilution of each serum was tested with tanned, uncoated (but washed with NRS) sheep cells, and controls of antigen-coated cells with NRS and known antisera (rabbit or mouse) were also run with each titration. Patterns were read after 3 hours at room temperature and overnight in the cold.
In some cases, it was necessary to use other means than simple tanning of red cells to get the polymers onto the sheep cells. The bis-diazo benzidine (BDB) method, as described by Sehon (9), was used to couple tyrosine-cont*iulng polymers to sheep cells. A large batch of BDB was prepared and stored frozen in individual ampules till used. For each antigen, the appropriate ratio of BDB (coupler) to polymer was empirically determined and its efficacy checked, using rabbit antisera known to react with the polymer (2). The appropriate ratio gave satisfactorily reproducible results. Three ml of solution, containing 1 mg polymer, in pH 7.2 saline were mixed with the button of 3 ml of 10 per cent washed cells and 0.5 ml of BDB-PO4. Mter 15 minutes at room temperature, with occasional stirring, the cells were centrifuged in the cold, washed twice with i to 100 NRS, and resuspended to 2.5 ml. The agglutination patterns were also read by the method mentioned.
Agar Digusion.--Where indicated, the Preer double diffusion technique was used as previously described (10) . Antigen concentrations of 1 to 20 #g N were used. Tubes were placed in the cold and observed at intervals for 1 month.
RESULTS
The results presented in this paper are almost exclusively based upon the tanned cell hemagglutination method, which has the disadvantage that the polymers which do not contain lysine are not absorbed to the tanned erythrocytes. Most of the polymers used in this study, which contain 10 to 40 mole per cent of lysine are absorbed satisfactorily and agglutination is readily observed. For the others those which contain tyrosine can be coupled with BDB; if the appropriate ratio of cells, coupling agent and polymer is chosen, sufficient antigenic determinant groups are left intact to react with antibody. Cells coupled with Gg0T10 or G60A~0T10, could be agglutinated by rabbit antisera to Gg0T10, G6oA~oT10, and G60A40, as well as mouse antisera to G~0A30T10.
In the case of antisera to G6oA40, it was necessary to use a cross-reacting pol-2 Saline-PO4; 0.15 M NaC1, 0.15 M PO4 buffer, pH 7.2. PO4-saline; 23.9 ml 0.15 *J KH2PO4, 76 ml 0.15 ~ Na2HPO4, 100 ml saline-PO4. NRS; 1 per cent normal rabbit serum, diluted in PO4-saline buffer.
ymer as the homologous polymer could not be adsorbed or coupled to sheep RBC. Therefore, Gs4A3~Lt0-treated cells or BDB-coupled Ge0A30T10 cells were employed. Rabbit antisera to Gr~Aa0 readily agglutinated such cells. In addition, passive cutaneous anaphylaxis and precipitin double diffusion in agar (Preer) tests were carried out on the sera from mice immunized with GroA40. In all cases, the negative results obtained agreed with the negative HA results. Table II presents the results with Swiss mice obtained from 3 different suppliers. No antibody could be detected in the sera from mice immunized with the copolymers of 2 amino acids. In addition to the standard immunization schedule, other groups of animals were tested for response to Gr0L40 and Gr0A40 following a variety of schedules; e.g., 4 and 12 days after a single injection of * Number responding/number tested.
polymer in adjuvant, several months after 1 or 2 injections, at dose levels of 25#g and 10 mg, or polymer in saline solution. None of the mice tested responded. Subsequently, the animals were immunized with GLA,0 or GLAT, and all responded.
The following inbred strains of mice were immunized with Gr0A,0 and GroL40 (10 to 40 mice per strain): A, C~B1/6, B6AF1, C3H/He, BALB/c, 129. There were no responders to the copolymers of 2 amino acids, but a good response was noted in all mice upon reimmunization with GLA40.
Introduction of 4 to 5 mole per cent of a third amino acid into either G~L40 or Ge0A,0 produced an immunogenic polymer (Table III) . Thus, in the former 4 mole per cent tyr or phe (G~L3sT4, G~J~3sPhe4) and in the latter lys or tyr (Gr~A3#L10, GeoAsoT10) produced excellent immunogens. The nature of the small amount of the third amino acid introduced made little difference as regards immtmogenicity. With the polymers of (glur01ys40)ala~, where the per cent ala varied from 5 to 60 mole per cent, only about ham of the Swiss-Webster mice responded even after prolonged immunization with GLAs. With increasing ala content in the polymers (GLA10, GLA20), there was an increased percentage of responders (85 to 90 per cent), finally resulting in 100 per cent responders (GLAz0, GLA,0, and GLAe0). The polymer GLAT was also an excellent immunogen, when composed of r.-amino acids, but not when the amino acids are of the D configuration (11) . The sera from mice immunized with G6oA4o and GLA4o were tested by agar diffusion. There was no response to the G60A40, but the GLA40 sera produced single sharp bands. It should be noticed that rabbit sera to these polymers generally gave 1 weak and 1 strong band (2). 
DISCUSSION
In considering the results obtained, it is important to consider the specificity and sensitivity of the method employed. Our previous experience (2), as well as the results obtained here with the BDB method indicate that there is considerable specificity for tyrosyl residues in anti-GeoA~oTl0 sera. In the case of BDB coupled polymers, although our results with high fiter mouse antiGe0A~0T1o indicate that tyr is part of the antigenic determinant (unpublished), there is sufficient tyr (10 mole per cent) in the polymers so that there is no major destruction of determinant groupings. The titers obtained with rabbit antisera by HA paralleled those of PCA or precipifin reactions. Thus, rabbit anti-C~0Tlo with a PCA titer of 1:5 to 1:10 had an HA titer of 1:4 to 1:8. Furthermore, polymer-coated cells form well defined settling patterns providing clean-cut end-points, even in relatively high serum concentrations. The fiters obtained were often fairly low, and sometimes dropped between the second and third courses of immunization (i.e., G~L~T4 and GLA60). Nevertheless, by PCA or precipitin reactions, high fiters were found. Basically, this seems to be due to the fact that under the conditions used for immunization, the response consisted primarily of 7S and not 19S antibody. Generally, the former has relatively poor direct hemagglutinating activity, especially with hyperimmunization, in contrast to the latter (12) .
The most interesting finding in this work has been the apparently consistent non-immunogenicity of polymers of 2 amino acids in mice, and the appearance of immunogeniclty upon the introduction of a few mole per cent of a third amino acid, without regard to the nature of the third amino acid. It should be noted that Sela's studies with multichain polyalanine provides a picture in agreement with our findings (13) . If the side chains consisted of a single amino acid coupled to the non-immunogenic backbone, the polymer was non-immunogenic. However, copolymer side-chains such as glu-his, glu-phe, glu-leu, and glu-lys were immunogenic. In recent studies from our laboratory, introduction of a few moles of a hapten into a copolymer, but not a homopolymer, led to the formation of antihapten antibodies (unpublished).
The pattern of response to these polymers is different in each of the species tested (rabbit, guinea pig, man, mouse). Thus, in the GLA series of polymers in rabbits, GLA30 is the best antigen; GLA4o is somewhat less effective, and GLA60 is distinctly less antigenic. In mice, there seems to be considerable importance of the ala content; i.e., GLA40 and GLAs0 were the best antigens.
Quantitative cross-reactions with rabbit and mouse sera to the same polymer indicates that the groupings against which the antibodies are directed are not identical, despite the relative simplicity of the polymers. Our quantitative precipitin studies with mouse antibodies against G60A30Tl0 showed relatively little cross-reaction with GscA40 or Gs~A~eL10, in contrast to the 80 per cent crossreaction noted with rabbit anti-G~0As0Tl~. Polymers containing tyrosine, such as Gg0T10, gave high preclpitin cross-reactions with these mouse sera. A minimal precipitin cross reaction was found with the rabbit anti-GsoA39T10 with the G0oT10 antigen. In the case of mouse anfi-GLA40, there was no cross-reaction with G6oL40, and increasing cross-reaction of the GLA polymers with increasing ala content; i.e., GLAs0, gave the best cross-reaction. With the rabbit anti-GLA40, Gs0L40 gave 15 per cent cross-reaction, and the best cross-reaction was with GLAs0.
S~RY
The response of mice to synthetic linear polypeptides of known composition but random sequence has been studied. Neither Swiss mice nor a number of inbred strains could respond to copolymers of only 2 amino acids (G60L40, G60A40, Gg0T10). Upon introduction of as little as 4 mole per cent of a third amino acid, good immune responses were obtained, regardless of the nature of the
